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Abstract

Introduction, acetamiprid (AMP) is an insecticide that can affect human health as it is easily absorbed through gastrointestinal

mucosa inducing erectile dysfunction and reduction of total sperm count. Many research studies had examined the effect of AMP

on different body organs while this study was designed to study the underlying mechanisms of AMP associated reproductive

toxicity. Material and methods, 40 male albino Wistar rats were divided into four groups. Control (C) group, received vehicle.

40 mg dose (40D), 30 mg dose (30D) and 10 mg dose (10D) groups received 40 mg/kg b.w., 30 mg/kg b.w., 10 mg/kg b.w.

of AMP by oral gavage daily for 90 days. Results, sperm counts were significantly decreased in AMP treated groups with an

increased count of flattened headed sperms in 40D-group. Plasma and testicular tissue GSH and TAS levels were significantly

decreased while MDA and TOS levels were significantly increased after AMP administration in a dose dependent manner

while plasma LH, FSH, GnRH and INHB levels were significantly increased. Seminiferous tubules basement membrane showed

irregularities in 40D and 30D groups with a decrease in spermatogenic cells number. The testicular proliferative index was

decreased associated with an increase in apoptotic index in AMP treated groups. Conclusion, AMP oral administration in

a dose 10-40 mg/kg b.w. to male albino Wistar rats was found to possess an oxidative stress and apoptotic impact on the

reproductive system which could be reflected on the occupational health precautions.

Key words

Acetamiprid; Oxidative stress; Apoptosis; Hormonal disturbance; Reproductive system

Introduction

Acetamiprid (AMP) or Assail®, is a commonly used odorless neonicotinoid insecticide introduced in 1990s
with chemical formula C10H11ClN4 (1). It is used for protection vegetables, fruits, cherry, grapes and cotton
against sucking type insects (Thysanoptera, Hemiptera) (2). It is a nicotinic agonist acting through its
ability to bind with nicotinic acetylcholine receptor in brain, spinal cord and neuromuscular junctions of
insects (3). It accumulate in apples, eggplant, cabbage and carrot and has a potential to contaminate water
which could affect the human health and also it is classified as a weak human carcinogen (4). If AMP
is accidentally ingested, it could be readily absorbed through gastrointestinal mucosa reaching maximum
blood concentration within two hours then accumulate in either parenchymatous (liver, kidney) or endocrinal
(thyroid, suprarenal) organs. It was reported that AMP possess a toxic effect on nervous and respiratory
systems (5).

Human ingestion of AMP could result in an acute poisoning condition that could be recovered within forty-
eight hours (6), while its chronic exposure reported to induce reproductive toxicity manifested in the form
of erectile dysfunction and reduction of total sperm count (TSC) (7). Although many research studies had
examined the effect of AMP on different body organs (8), a true need to study the specific effect (and
underlying mechanisms) of AMP on male reproductive organs is rising on the horizon. So, this study was
designed accordingly.
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Material and methods

Chemicals:

Acetamiprid were purchased from Sino pharm Chemical Reagent Co., Ltd., China and dissolved in 0.5%
methylcellulose.

Animals:

40 males Albino Wistar rats were used. Rats’ average weight and age were 300 gm and 6 months respectively.
Animals were housed individually with a free access to food and water. In accordance to national and
institutional guidelines, 12 light/dark cycle was kept and by help of air conditions, temperature was kept 25o

C. This research study was approved by Research and Ethics Committee, Quality Assurance Unit, Faculty
of Medicine, Tanta University, Egypt.

Experimental design:

Rats were divided into four groups(n=10). Control (C) group, received 0.5% methylcellulose by oral gavage
daily for 90 days. 40 mg dose (40D), 30 mg dose (30D) and 10 mg dose (10D) groups received 40 mg/kg
b.w., 30 mg/kg b.w., 10 mg/kg b.w. of AMP by oral gavage daily for 90 days (Figure 1). Rats total body
weight is recorded thrice weekly using a digital scale-Tor Rey LEQ 5/10 (Tor Rey, EQ-4HP, Torrey, Mexico
City, Mexico).

At the end of study, all rats were sacrificed, samples from blood, testis and epididymis were collected. Testes
were examined macroscopically for any alteration of texture, size or color. Testicular and epididymal weights
were recorded. The somatic indices for testes and epididymides were calculated by multiplying the sum of
division [ organ weight by body weight ] per 100 (9):

Samples of right testis were homoginozed in homogenization buffer (PBS) (1:5, w/v), and stored at -80°C,
while those of left testis were preserved in fixative 10 % paraformaldehyde solution at room temperature.

Sperm count and morphology:

The caudal end of epididymis was cut by scissor and the content was evacuated in a petri dish containing
Dulbecco’s Modified Eagle Medium F-12 (DMEM-F12) with 10 % PBS. The suspension was centrifuged at
three thousand revolutions per minute for five minutes. The supernatant was mixed with trypan blue (1:1)
then spread on Thoma slide for sperm counting using Leica DM100 LED Monocular Microscope (LabX ®,
Canada). Three spreads for each sample were examined under light microscope (X20) and 200 sperms were
counted, examined and classified as normal headed, pin headed, flattened headed, headless sperms, detached
head, bent neck, bent tail (10)

Biochemical analysis:

Blood samples were centrifuged at three thousand revolutions per minute for thirty minutes at -5°C. Separa-
ted plasma was preserved at -30°C. Using commercial kits (SunRed, China), plasma cholesterol, testosterone,
luteinizing hormone (LH), follicle-stimulating hormone (FSH), gonadotropin-releasing hormone (GnRH) and
inhibin B (INHB) hormone were quantified in accordance to manufacturer protocols. Testicular samples (right
testis) were used to detect reduced glutathione (GSH), malondialdehyde (MDA), total antioxidant status
(TAS) and total oxidant status (TOS) by using commercial enzyme-linked immunosorbent assay (ELISA)
(SunRed, China) in accordance to manufacturer protocols.

Histopathological examination:

Hematoxylin and eosin staining was done in accordance to (11). briefly, fresh testis tissue sample was cut
into 1cm3 cubes immediately after extraction from the rats. It was placed in fixative 10% paraformaldehyde
solution and left for 48 hours then placed in tissue processing cassettes. By help of ascending grades of
alcohol, tissue is dehydrated to remove water and formalin traces from tissue then immersed in xylene to
remove alcohol and facilitate paraffin wax infiltration into the tissue. Cassettes were placed on warm plates

2
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then tissue was removed and immersed in paraffine blocks. After paraffine solidification, the blocks were
cut into 5 μm thick sections by using manually operated rotary microtome CUT 4050 (4050F, R) (Microtec
Laborgeräte GMBH, Germany). Tissue sections were placed on glass microscope slides, rehydrated, stained
with hematoxylin (stains nuclei in blue) for 10 minutes and eosin (stains cytoplasm in red) for 10 seconds.
The stained tissue sections were dehydrated again by ascending grades of alcohol for 10 minutes than covered
by coverslip. To assess changes in the basement membrane (BM), Periodic Acid Schiff (PAS) staining was
done in accordance to (12) using PAS-Stain Kit (ab150680) (Abcam, United Kingdom). Histopathological
examinations were performed by two expert histopathologists blinded to our study. Scoring was done in
accordance to modified Johnson scoring method (13) (Table 1)

Immunohistochemistry examinations:

Immunohistochemistry was done in accordance to (14). Briefly, paraffine embedded tissue sections were sli-
ced (5 μm thick) and mounted to charged slides. Sections were deparaffinized and rehydrated by descending
grades of alcohol. Endogenous peroxidase activity was quenched by placing the tissue sections in 3% hydro-
gen peroxide for 10 minutes. 200 μl of diluted 1ry antibody [ for Proliferating cell nuclear antigen (PCNA),
PCNA Antibody (PC10), dilution 1:2000 and for Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL), TUNEL Assay Kit - HRP-DAB (ab206386), dilution 1:1000] were mounted to the tis-
sue after dilution with antibody diluent as per manufacturer protocol (Signal stain diluent). Slides were
incubated overnight at 4°C in a humidified chamber. In next morning, slides were washed by wash buffer
for 3 minutes then covered with 2 drops of Signal Stain Boost Detection Reagent followed by incubation
at room temperature in humidified chamber for 30 minutes. 200 μl of SignalStain® DAB (Biocompare,
USA) were applied to each section. After staining, slides were immersed in distilled water then counterstai-
ned with hematoxylin to stain nuclei in blue for better visualization. Coverslips were applied, examinations
were performed by to expert histopathologists blinded to our study. The PCNA index was calculated for
each seminiferous tubule by dividing the number of PCNA positive cells (detected by their nuclear brown
discoloration) by the total number of germ cells, while the apoptotic index was calculated by dividing the
number of TUNEL positive tubule (detected by the presence three or more apoptotic cells) by total number
of seminiferous tubules.

Statistical analysis:

Statistical Package for Social Sciences (SPSS) software, 20 V. (SPSS Inc., USA) was used for data analysis.
The statistical significance of differences between groups was validated using one-way analysis of variance
(ANOVA). Post hoc Tukey-Kramer test was used for groups comparison. Data were expressed in mean ±
standard deviation and probability value was considered significant if <0.05.

Results

At the end of study, body weights of C-group were non-significantly (p>0.05) increased (2.3 %) in comparison
to the first day of study, that of 40D, 30D and 10D groups were non-significantly (p>0.05) decreased; 1.9,
1.5 and 3.2 % respectively if compared to the fist day of study. likewise, the testicular weights were non-
significantly (p>0.05) changed in AMP treated groups if compared to C-group (Figure 2).

Sperm counts were significantly (p<0.05) decreased in AMP treated groups if compared to C-group. There
was non-significant (p>0.05) difference between AMP treated groups. As per sperm morphological abnor-
malities, there was a significant (p<0.05) increase in flattened headed sperms in 40D-group if compared to
C-group (figure 3).

Plasma cholesterol levels significantly (p<0.05) decreased in 40D and 30D groups in a dose dependent
manner if compared to C-group. Plasma testosterone levels non-significantly (p>0.05) decreased in AMP
treated groups if compared to C-group. Plasma LH, GnRH and INHB levels were significantly (p<0.05)
increased in 40D and 30D groups if compared to C-group. Plasma FSH levels were significantly (p<0.05)
increased in AMP treated groups if compared to C-group. Plasma and testicular tissue GSH and TAS
levels were significantly (p<0.05) decreased in a dose dependent manner in AMP treated groups. Plasma
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and testicular tissue MDA and TOS levels were significantly (p<0.05) increased in AMP groups in a dose
dependent manner. There was a dramatic change in these parameters in 40D-group (Table 2).

Histopathological examination of testicular tissue stained with Hematoxylin and eosin staining showed nor-
mal histological architecture with normal spermatogenic cells and tubules with normal BM in C-group. In
40D-group (score 8.2), there was a decrease in spermatogenic cells number with vacuolations of germinal
epithelium and BM irregularities. In 30D-group (score 6.8), immature cells were observed with BM irregu-
larities. In 10D-group (score 6.7), vacuolations of germinal epithelium were noticed with regular BM. Score
of seminiferous tubules was significantly (p<0.05) decreased in AMP treated groups if compared to C-group
(figure 4,5,6).

PCNA positive cells were determined in seminiferous tubules by the brown discoloration of their nuclei in
AMP treated groups. The proliferative index was significantly (p<0.05) decreased in AMP treated groups
if compared to C-group (figure 6,7). TUNEL positive cells appeared with brown discolored nuclei in AMP
groups. The apoptotic index was significantly (p>0.05) increased in these groups if compared to C-group
(figure 6,8).

Discussion

To determine the toxic effect of AMP on the reproductive system; spermatic morphology, parameters of both
oxidative stress & apoptosis and changes of total body & testicular weights were assessed. In the present
study, body weight of all AMP treated groups were decreased minimally at its end if compared with its value
at the beginning of the study with insignificant in the testicular weight between AMP treated groups. Zhang
et al., (15) reported that AMP administration for thirty days (30 mg/kg b.w.) to Kunming mice caused a
reduction of total body and testicular weights. Devan et al., (16) also reported that, administration of AMP
to Wistar rats (110 mg/kg b.w.) caused a reduction of testicular weight which comes in consistent with
Chawseen et al., (17) who reported a change in testosterone level and diameter of seminiferous tubules upon
adding AMP (20 mg/ml) to drinking water of albino rats for one month while Rasgele (18) has demonstrated
that AMP at a dose ranging from 0.6 to 2.5 μg/ml has no effect on sperm morphology in the first forty-eight
hours after administration to Mus musculus mice.

Kong et al., (19) study showed that AMP administration (10-30 mg/kg b.w.) to Sprague Dawley rats caused
an increase and decrease in the plasma L.H and testosterone levels respectively. Mosbah et al., (20) reported
that AMP administration to Wistar rats for forty-five days at a dose 30 mg/kg b.w. caused an increase
and a decrease in total body and testicular weights respectively with reduction of total sperm count, sperm
motility and plasma testosterone levels which comes in consistent with the findings of the present study
which presented a dose dependent manner changes due to the effect of AMP on Leydig cells causing a
decrease in plasma testosterone levels. As Orta et al., (21) reported that testosterone is mainly synthesized
from cholesterol, Eacker et al., (22) stated that there was a link between plasma cholesterol and testosterone
levels.

In the present study, upon evaluation of plasma levels of GnRH, FSH, LH and INHB hormones [essential
for proper testicular functions and spermatogenesis as Holdcraft & Braun stated (23)]. The present study
showed that AMP administration affect these hormonal balances which could be used as a clinical indicator
for infertility as reported by Kumanov et al., (24) in the form of an increased level of plasma FSH & LH and
decrease of plasma levels of testosterone & INHB. In the present study, total spermatic count decreased in
AMP treated groups while the increase in plasma FSH & LH were noticed to be the lowest in 40D-group.
Although there was an increase in plasma INHB (in 30D-group and 10D-group) associated with a decrease
in its plasma level in 40D-group. Gasmi et al., (25) reported that AMP administration could be associated
with oxidative stress in livre, kidney and central nervous system resulting in Deoxyribonucleic acid damage
and apoptosis which finally play a crucial role in the impairment of spermatogenesis with a decrease of total
spermatic count, motility and morphological disturbance. Turner & Lysiak (26) reported that oxidative
stress can lead to testicular dysfunction and infertility. Chainy et al., (27) also stated that reactive oxygen
species production in the testis is linked to impaired spermatogenesis through lipid peroxidation pathway.
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In the present study, AMP administration was found to induce a reduction of GSH and increase in TOS
in both testicular tissue and plasma. The disruption of these parameters was more prominent in testicular
tissue than plasma which could be reflected in the form of increased ROS production in testicular cells in
accordance to Zaidi et al., (28). As Li et al. (29) stated that oxidative stress is linked to apoptosis, so
AMP induced oxidative stress may cause a decrease in total sperm count and increase in total abnormal
sperm count. The decreased level of plasma testosterone noticed in our study may interferes with the
antioxidant effect of circulating testosterone (30) which may augment the oxidative potential of AMP. Given
that apoptosis is associated with pathological condition in many body organ (31) and the testis (32), in the
present work, the increase in TUNEL positive cells count and apoptotic index in the testicular tissue may
be a result of AMP associated oxidative stress.

The results of the present study demonstrated that, upon histopathological examination of testicular tissue,
there was an increase in number of apoptotic cells in the seminiferous tubules and a decrease in spermatogenic
cells number with vacuolations of germinal epithelium and BM irregularities of AMP treated groups which
increased in a dose dependent manner which comes in consistent with Rachid et al., (33) who reported
that administration of AMP (30 mg/kg b.w.) to Wistar rats caused degeneration of testicular germinal
epithelium. According to Jain et al., (34), AMP administration to Swiss albino rats in a dose 2.3 mg/kg
b.w. for three months caused spermatogonia degeneration with seminiferous tubules occlusion. The present
study showed that, the proliferation index decreased mainly in 40D-group as shown in immunohistochemistry
results.

Conclusions

In summary, AMP oral administration in a dose 10-40 mg/kg b.w. to male albino Wistar rats was found
to possess an oxidative stress and apoptotic impact on the reproductive system which could be reflected on
the occupational health precautions. Further studies are recommended to be done to reveal the molecular
mechanism of AMP induced toxicity on the male reproductive system.
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Fig. 1: Schematic representative of experimental design. Rats were divided into four groups. Control group.
40 mg dose, 30 mg dose and 10 mg dose groups received 40 mg/kg b.w., 30 mg/kg b.w., 10 mg/kg b.w. of
AMP by oral gavage daily for 90 days. At the end of study, blood, testes and epididymides samples were
collected.
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Fig. 2: Effect of AMP (administered orally) on rats’ testicular (A) and total body (B) weights. * non-
significant difference (p>0.05) in comparison with first day of study. ** non-significant difference (p>0.05)
in comparison with C-group. Data are presented as mean ± standard deviation.

Fig. 3: Effect of AMP (administered orally) on rats’ total sperm count (A), normal sperm count / 200
sperms (B), abnormal sperm count / 200 sperms (C) and sperm count with abnormalities / 200 sperms
(D). * significant (p<0.05) difference in comparison to C-group. ** non-significant (p>0.05) difference in
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comparison to 40D-group. *** non-significant (p>0.05) difference in comparison to 30D-group. Data are
presented as mean ± standard deviation.

Fig. 4: Photomicrograph of rat testis stained with hematoxylin and eosin (X 1000). (A) C-group shows
normal histological architecture with normal spermatogenic cells and normal basement membrane. (B) 40D-
group shows a decrease in spermatogenic cells number with vacuolations of germinal epithelium and basement
membrane irregularities. (C) 30D-group shows immature cells with basement membrane irregularities. (D)
10D-group shows vacuolations of germinal epithelium with regular basement membrane. Note: seminiferous
tubules (*), vacuolation (blue arrow) and immature cells (black arrow).
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Fig. 5: Photomicrograph of rat testis stained with Periodic acid–Schiff (X 1000). (A) and (D) represents
C-group and 10D-group respectively which shows regular basement membrane. (B) and (C) represents
40D-group and 30D-group respectively shows basement membrane irregularities. Note: basement membrane
irregularities (black arrow).

Fig. 6: Effect of AMP (administered orally) on rats’ testis seminiferous tubule histopathological score in
addition to proliferative and apoptotic indices. * significant (p<0.05) difference in comparison to C-group.
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** significant (p<0.05) difference in comparison to 40D-group. Data are presented as mean ± standard
deviation.

Fig. 7: Photomicrograph of rat testis stained with PCNA (X 1000). (A) and (D) represents C-group and
10D-group respectively which shows numerous PCNA positive cells. (B) and (C) represents 40D-group and
30D-group respectively shows few PCNA positive cells.

Fig. 8: Photomicrograph of rat testis stained with TUNEL (X 1000). (A) and (D) represents C-group
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and 10D-group respectively which shows few TUNEL positive cells (green arrow). (B) and (C) represents
40D-group and 30D-group respectively shows numerous TUNEL positive cells (green arrow).

Histopathological Findings Score

No tubular lining epithelium 1
No germinal cells 2
Spermatogonia only 3
No spermatozoa, No spermatids, Few spermatocytes 4
No spermatozoa, No spermatids, Many spermatocytes 5
No spermatozoa, No late spermatids, Few early spermatids 6
No spermatozoa, No late spermatids, Many early spermatids 7
Tubule with1- 4 spermatozoa, Few late spermatids 8
Impaired spermatogenesis, Many late spermatids 9
Full spermatogenesis 10

Table 1: Modified Johnson scoring method used for histopathological scoring

Parameters C-group 40D-group 30D-group 10D-group

Plasma Testosterone
(ng/mL)

3.43 ± 0.34 2.63 ± 0.28** 2.76 ± 0.29** 2.91 ± 0.50**

LH (mIU/mL) 22.18 ± 0.68 22.97 ± 0.31* 24.24 ± 0.28* 23.76 ± 0.69
FSH (IU/L) 8.20 ± 0.67 22.41 ± 0.33* 25.38 ± 0.72* 22.98 ± 0.49*

GnRH (ng/L) 205.89 ± 22.99 311.78 ± 9.03* 310.956 ± 0.06* 318.83 ± 8.50
INHB (ng/mL) 9.36 ± 0.39 8.46 ± 0.64* 21.181 ± 0.41* 10.29 ± 0.27
Cholesterol
(mmol/L)

6.57 ± 0.64 5.31 ± 0.37* 5.40 ± 0.46* 5.91 ± 0.45

MDA (ng/mg
protein)

1.67 ± 0.12 2.57 ± 0.17* 2.14 ± 0.12* 1.93 ± 0.113*

TAS (U/mL) 45.78 ± 3.21 21.35 ± 0.93* 25.34 ± 0.76* 27.59 ± 0.89*

TOS (nmol/mL) 3.84 ± 0.37 4.79 ± 0.21* 3.08 ± 0.23* 3.93 ± 0.10*

Testicular tissue GSH (mmol/mg
protein)

3.48 ± 0.117 2.63 ± 0.14* 2.79 ± 0.13* 2.01 ± 0.23*

MDA (ng/mg
protein)

7.68 ± 0.57 22.41 ± 0.63* 10.92 ± 2.118* 7.98 ± 0.51*

TAS (U/mL per
g protein)

57.64 ± 2.72 41.65 ± 2.37* 49.14 ± 2.39* 50.74 ± 2.37*

TOS (nmol/mL
per g protein)

23.99 ± 0.14 25.04 ± 0.31* 24.84 ± 0.33* 24.39 ± 0.53*

Table 2: plasma hormonal levels, plasma and testicular tissue oxidative stress parameters after AMP adminis-
tration to albino Wistar rats. * significant (p<0.05) difference in comparison to C-group. ** non-significant
(p<0.05) difference in comparison to C-group. Data are presented as mean ± standard deviation.
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